Background Neoplasms of the pancreas during pregnancy are rare, with less than 25 cases of benign and malignant tumors reported in the literature. Methods We present three unique cases of pancreatic tumors occurring during pregnancy-one mucinous cystic neoplasm and two adenocarcinomas. We review the literature regarding pancreatic neoplasms during pregnancy and discuss the diagnosis, complications, and management of these tumors. Results Magnetic resonance imaging and ultrasound are the imaging modalities of choice in pregnancy. In patients with benign or premalignant tumors, surgical resection may be postponed until the second trimester. In symptomatic patients, or if there is a concern for intrauterine growth restriction, urgent surgical intervention should be performed. With malignant tumors, the benefit of delaying surgery must be balanced with the risk of maternal disease progression. Termination of the pregnancy should be discussed when a malignant tumor is diagnosed during the first trimester. Pancreatic tumors diagnosed during the third trimester may be resected after delivery. If malignant, early delivery of the fetus and subsequent maternal operation can be considered at appropriate fetal maturity. Conclusion When these tumors occur during pregnancy, they present a diagnostic and treatment dilemma, with variation in treatment based on gestational age and patient preference.
Introduction
Pancreatic neoplasms, both benign and malignant, are uncommon during pregnancy. There have been only eight reported cases of pancreatic adenocarcinoma, 1-8 13 cases of cystic pancreatic lesions diagnosed during pregnancy, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and three reported cases of pancreatic neuroendocrine tumors. 22, 23 Their occurrence during pregnancy leads to dilemmas in diagnosis, management, and timing of surgical treatment. In all cases, the goal is to minimize both maternal and fetal risk. The timing of surgical resection for pancreatic neoplasms during pregnancy must take into account the risk of maternal disease progression and safety of the developing fetus. In addition, given the poor overall survival for patients with pancreatic adenocarcinoma, consideration and discussion of termination of the pregnancy are also important depending on the stage at diagnosis, gestational age at diagnosis, and maternal wishes/beliefs.
There have been several individual case reports on patients with pancreatic neoplasms in pregnancy, the most common of which are mucinous cystic neoplasms (MCNs) and adenocarcinomas. MCNs of the pancreas have been described almost exclusively in women, [24] [25] [26] [27] and their hormone responsiveness and large size may contribute to their recognition during pregnancy. 26, 27 The natural progression of these tumors from adenoma to invasive carcinoma has led to the current recommendation being complete surgical resection for all MCNs of the pancreas. 28 Adenocarcinomas of the pancreas during pregnancy present a unique treatment challenge. In the case of obvious malignancy (pancreatic adenocarcinoma, intraductal papillary mucinous neoplasms (IPMN) with invasive cancer, preoperatively diagnosed mucinous cystadenocarcinoma), there can be significant maternal consequences if definitive surgery or other therapy is delayed for fetal maturation. In a situation with inconclusive evidence of invasive malignancy, the surgeon and obstetrician must take into account the probability of malignancy in the pancreatic lesion, the gestational age of the fetus, and the wishes of the mother and family.
With large pancreatic tumors (benign, pre-malignant, or malignant), most common in patients with MCNs, tumor size can cause complications during pregnancy; this includes intrauterine growth restriction (IUGR), compression of surrounding structures, pancreatitis, and tumor rupture.
We report three cases of pancreatic neoplasms in pregnancy. The first is a case of a simultaneous mucinous cystic neoplasm of the pancreas and a mature cystic ovarian teratoma diagnosed during the second trimester of pregnancy. The second involves metastatic adenocarcinoma of the pancreas developing during pregnancy. The final case describes a resectable adenocarcinoma diagnosed in the second trimester of pregnancy. We describe the clinical findings, decision making, and outcomes of all three cases. In addition, we review the literature and discuss the complex decision-making process and management for patients diagnosed with pancreatic cancer during pregnancy.
Case 1
A 21-year-old gravida 2, para 1 woman presented at 10 weeks 6 days gestation with abdominal distention and fullness. Signs and symptoms of an upper abdominal mass including abdominal fullness and a palpable mass were present for 9 months without any associated nausea, vomiting, or weight loss. A computed tomography (CT) scan predating her pregnancy demonstrated a large upper abdominal mass and a separate pelvic mass. The patient refused treatment at that time.
An initial pelvic and abdominal ultrasound demonstrated a normally developing fetus, a left ovarian 13-cm mass, and a 19-cm mixed echogenicity mass in the upper abdomen. The left ovarian mass was consistent with a teratoma. An magnetic resonance imaging (MRI) revealed a 16.9×17.2× 13.2-cm multiloculated cystic mass arising from the body/tail of the pancreas (Fig. 1a) and the pelvic mass (Fig. 1b) . All laboratory results were within normal limits.
Surgical excision of persistent adnexal masses in the second trimester is a common practice, with the intent to prevent subsequent emergent intervention for torsion or rupture. A multidisciplinary conference concluded that surgical excision of the pancreatic mass would be warranted as well, given the high risk of IUGR due to its size. Laparotomy was performed at 20 weeks gestation (Fig. 2a) . No tocolytics were used intraoperatively. A large pancreatic body cystic mass was resected with a spleen preserving distal pancreatectomy (Fig. 2b ) with a simultaneous left oophorectomy (Fig. 2c) . Her postoperative course was uneventful. Labor was induced at 39 weeks gestation with normal spontaneous vaginal delivery. She has no evidence of recurrent disease 1 year after resection.
Final pathological examination demonstrated a mucinous cystic neoplasm of the pancreas with moderate dysplasia, measuring 17 cm in greatest dimension. Surgical margins were negative and two lymph nodes were negative for malignancy. The left ovarian mass was consistent with a mature cystic teratoma, measuring 14 cm in greatest dimension.
Case 2
A 29-year-old gravida 1, para 0 Hispanic female presented at 37 weeks gestation with a 1-week history of emesis and several months of moderately severe epigastric pain that was progressing in severity. She had failed to continue to gain weight as projected. She had no significant past medical or family history and denied any drug, alcohol, or tobacco use. Radiologic interrogation was deferred by her primary provider due to perceived risks during pregnancy. The patient subsequently was induced at 37 weeks gestation with an uneventful delivery due to preeclampsia.
Soon after delivery, she underwent imaging with ultrasound and CT scan for continued abdominal pain. The scan demonstrated multiple masses in the liver with compression of the stomach (Fig. 3) . The masses were primarily located in the left lobe of the liver and were thought to represent symptomatic hepatic adenomas. Initial laboratory exams were normal. alpha-Fetoprotein was 74 ng/ml. A multidisciplinary conference recommended a left hepatic lobectomy due to symptomatology. An exploratory laparotomy on postpartum day 5 discovered a primary pancreatic mass arising from the tail of the gland. The mass had solid and cystic components with multiple other liver masses consistent with metastatic disease. Intraoperative frozen sections and final pathology were consistent with pancreatic adenocarcinoma with mucinous features. Vimentin and progesterone stains were negative. Subsequently, the CA 19-9 was 1,666,959 U/ml. The patient was discharged home on postoperative day 5 with plans to start chemotherapy as an outpatient. The patient was readmitted 2 weeks later due to uncontrolled abdominal pain, then developed hypoxia and syncope that evening. A CT angiogram demonstrated multiple pulmonary emboli and extensive thrombosis of the iliac and femoral venous systems. An inferior vena cava filter was placed. The patient subsequently developed disseminated intravascular coagulation, multiple organ system failure, and expired shortly thereafter.
Case 3
A 37-year old gravida 3, para 1 woman at 17 weeks gestation presented with a 2-week history of right upper back pain, nausea and vomiting, acholic stools, and dark urine. She had no significant past medical history. The patient's total bilirubin was 2.9 mg/dl, alkaline phosphatase was 245 IU/l, and lipase Endoscopic retrograde cholangiopancreatography (ERCP) was performed for suspected choledocholithiasis, which revealed a common bile duct stricture with marked proximal ductal dilatation (Fig. 4a) . A stent was placed. An endoscopic ultrasound (EUS) demonstrated a 3.5×4.2-cm heterogeneous, hypoechoic mass without vascular, or lymphatic involvement (Fig. 4b) . Fine needle aspiration showed poorly differentiated adenocarcinoma. An MRI showed no evidence of metastatic disease. After multidisciplinary consultation, the patient was offered the options of resection or termination of the pregnancy with subsequent resection, with the patient consenting to resection alone. A pancreaticoduodenectomy was performed at 19 weeks gestation. Final pathology revealed poorly differentiated ductal adenocarcinoma of the pancreas with negative margins. Eighteen of 33 lymph nodes were positive for carcinoma.
At 24 weeks gestation, the patient was given two 4-week cycles of gemcitabine, which has a low-risk profile during pregnancy. At 34 weeks, labor was induced and the patient delivered a 4-lb 9-oz healthy male. Two weeks postpartum, 4 months postoperatively, her first CT scan demonstrated multiple liver lesions consistent with metastases. Palliative chemotherapy was pursued with the patient expiring 1 year after surgical resection.
Discussion
Pancreatic neoplasms during pregnancy are rare, with only 24 cases of all histologic types reported in the literature. Table 1 summarizes the existing case reports of pancreatic neoplasms during pregnancy. These tumors present a diagnostic and therapeutic challenge when diagnosed antepartum. For both the mother and the fetus, the benefits and risks of aggressive treatment versus observation must be addressed. In addition, given the poor prognosis of most malignant pancreatic neoplasms, long-term prognosis must be considered in all decision making, and decisions in this regard will be strongly influenced by maternal/family preference. Figure 5 represents a proposed treatment algorithm for patients diagnosed with a pancreatic mass during pregnancy. Knowledge of pancreatic tumors during pregnancy is limited to small studies and case reports; therefore, this figure represents guidelines regarding issues to consider in the treatment of these patients rather than evidence-based recommendations.
Diagnosis
Endoscopic and transabdominal ultrasound, CT, and MRI are the primary imaging modalities used in diagnosing tumors of the pancreas. The risk to the fetus must be taken into account when imaging these tumors during pregnancy. Since its introduction into the field of medicine, diagnostic ultrasound has not been shown to be a health risk to either the fetus or the mother. 29, 30 Specifically, EUS may be used to gain information about tumor resectability and obtain a tissue diagnosis without an associated increase in radiation exposure. 30 A single diagnostic CT scan is not associated with an increased risk of fetal malformations, although multiphase CT scans or repeat CT scans do increase the radiation exposure to the fetus and should therefore be used sparingly. 29, 30 In addition, there may be an increased risk of spontaneous abortion associated with CT scanning within the first 2 weeks after conception (greater than the normal risk of spontaneous abortion during pregnancy of 15%) and also a slightly increased risk of childhood cancers in an exposed fetus (one cancer per 500-1,000 fetuses exposed to 0.03 Gy in utero). 29, 30 Several studies have failed to demonstrate an increase in fetal teratogenicity or acoustic nerve damage with the use of MRI or magnetic resonance cholangiopancreatography. 29 The lower fetal risk compared to CT and improved quality of imaging (when compared to transabdominal ultrasound) for making decisions regarding resectability makes MRI the preferred imaging modality in A B Fig. 4 a ERCP demonstrating a common bile duct stricture with proximal ductal dilatation. b Endoscopic ultrasound revealing a 3.5×4.2-cm heterogeneous, hypoechoic mass pregnant patients. However, the use of gadolinium should be avoided in pregnancy, as the contrast is excreted by the fetus and subsequently ingested into the gastrointestinal tract for an unknown period of time. 29, 30 ERCP is also frequently used for diagnosis and biliary drainage for pancreatic masses causing obstructive jaundice. ERCP has been used during pregnancy. The estimated fetal radiation dose received during ERCP with fluoroscopy has 31 In all cases, patients who undergo ERCP during pregnancy should have a lead shield in place to minimize radiation exposure to the fetus. ERCP should be considered for biliary drainage if surgical intervention is not indicated or needs to be delayed in a jaundiced pregnant patient. ERCP is also indicated for acute cholangitis.
Resectable Tumors During Pregnancy
Pancreatic tumors often appear early in pregnancy, with a reported mean gestational age at diagnosis of 15 weeks. 5 This timing allows the patient and treatment team to decide on the optimum time for surgery. For tumors with a large mass effect potentially leading to IUGR, resection should be strongly considered, regardless of gestational age.
11,15

First Trimester
Surgical intervention during the first trimester may be associated with spontaneous abortion or poor fetal outcome, including congenital anomalies. 4, 12 However, MCNs or IPMNs with obvious malignancy or high malignant potential (main duct variant IPMNs, larger tumors, the presence of mural nodules, multilocularity on imaging, and symptoms/signs such as jaundice, pain, and weight loss 26, 27 ) diagnosed during the first trimester should be treated in a similar manner to malignant adenocarcinomas of the pancreas, with resection at the earliest safe opportunity. The benefit of delaying surgery for fetal maturity must be balanced with the risk of maternal disease progression. This decision must be carefully discussed with the patient.
In our literature review, three cases of benign MCNs, or cystadenomas, were diagnosed in the first trimester, 11, 13, 18 with two of these patients undergoing successful surgical resection in the second trimester.
11,18 Smithers et al. reported a case of a cystadenocarcinoma diagnosed at 7 weeks gestation with successful immediate surgical resection due to maternal instability. 20 Herring et al. were able to successfully delay surgical resection of a cystadenocarcinoma to 17 weeks gestation after diagnosis in the first trimester. 12 In an interesting case of an MCN diagnosed during the first trimester, the patient refused surgical resection until the second trimester of her next pregnancy; she then developed a recurrence, which the pathology demonstrated to be anaplastic carcinoma. 3 In the case of a malignant tumor of the pancreas diagnosed during the first trimester, the possibility of termination of the pregnancy in order to pursue further treatment should be discussed with the patient. Even in the setting of resectable disease, the 5-year survival rate of patients with pancreatic cancer is, at best, 15-20%, 32 and pregnant patients need to have a realistic expectation of their prognosis.
Second Trimester
The second trimester is the preferred time for surgical intervention for resectable pancreatic tumors. [12] [13] [14] 16 The American College of Obstetricians and Gynecologists' current recommendations are for operation during the second trimester for any nonurgent abdominal surgical procedures during pregnancy. 33 Many authors of existing case reports agree that the second trimester is favorable for surgical resection, as fetal organogenesis is complete and the size of the fetus may allow for an easier surgical procedure in comparison to third trimester operations. In addition, the risk of spontaneous abortion is the lowest during the second trimester. [12] [13] [14] 16 Three cases have been reported regarding adenocarcinoma of the pancreas diagnosed during the second trimester. One reported patient underwent successful surgical resection during the second trimester, while another underwent biliary diversion at 16 weeks. 2, 8 Our third patient is the second reported case of a patient undergoing successful surgical resection of pancreatic adenocarcinoma during the second trimester.
Pancreatic neuroendocrine tumors and cystadenomas have also been diagnosed during the second trimester of pregnancy. 9, 15, 16, [21] [22] [23] 34 Typically, pancreatic neuroendocrine tumors behave more indolently and may be able to wait until after delivery in the asymptomatic patient. 23 These should be resected during pregnancy if they are causing IUGR or other problems due to size. 22 
Third Trimester
Surgical resection of a pancreatic mass during the third trimester may be associated with an increased risk of premature induction of labor. 12, 23 However, since fetal maturity is typically achieved by this time, 4, 5 delivery may be performed early with postpartum surgical resection. Early delivery during the third trimester balances the benefit of survival of the fetus with the risk of maternal disease progression. Masses that are not clinically suspicious for malignancy may be expectantly managed until after full-term delivery. 9, 10, 14 Immediate threat to the fetus or mother is an indication for early delivery and resection. Several cases have been reported of rupture of pancreatic tumors causing maternal instability during pregnancy. 17, 19 In this situation, emergent surgical intervention should take place, regardless of gestational age.
Unresectable Tumors During Pregnancy
Pancreatic tumors are frequently diagnosed at an advanced stage, and those occurring during pregnancy are no exception. Symptoms of a pancreatic mass, including abdominal discomfort and nausea, may be interpreted as normal symptoms of pregnancy, thus leading to a delayed diagnosis of adenocarcinoma and disease progression. 8 Metastatic adenocarcinoma of the pancreas occurring during pregnancy has been reported five times in the literature. In these cases, the tumor was associated with complications such as pancreatitis, biliary obstruction, lung and liver metastases, hypercoagulability, and gastric outlet obstruction. Four of these patients died shortly after delivery. [4] [5] [6] [7] [8] In our second case, the patient was delivered due to suspected preeclampsia. Her postpartum CT scan findings were thought to be consistent with hepatic adenomas, and only upon laparotomy was the patient determined to have unresectable pancreatic cancer.
Metastatic adenocarcinoma of the pancreas has a poor prognosis. 32 When faced with an unresectable tumor, the patient should discuss her treatment options with a multidisciplinary team; termination of the pregnancy may be chosen in order to allow for maternal chemotherapy treatment or due to concern about long-term prognosis. Chemotherapy is not currently recommended during the first trimester of pregnancy, as its use has been shown to increase the risk of spontaneous abortion, fetal death, and major malformations. 35 In a review of 321 published cases of chemotherapy use for cancer during pregnancy, nine of 11 malformations occurred after chemotherapy had been given during the first trimester. 35 In a second study of 210 pregnant women diagnosed with cancer during pregnancy, the rate of fetal malformations among patients who had received chemotherapy during any trimester of pregnancy was 3.8%, similar to that of the general population. In addition, the rates of IUGR with and without chemotherapy were similar (7.6% vs 7.1%, respectively). 36 One patient in this study received gemcitabine for pancreatic adjuvant gemcitabine during her second trimester, as recommended by her medical oncologist due to the good-risk profile of gemcitabine during pregnancy. Currently, chemotherapy is not advised during the first trimester of pregnancy or after 34 weeks gestation, in order to avoid spontaneous delivery during that time. 36 
Conclusion
We report three unique cases of pancreatic tumors occurring during pregnancy. The first is a case of a large MCN occurring simultaneously with a large ovarian cystic tumor. The second case involves delayed diagnosis of metastatic carcinoma presenting during the third trimester, while the third case entails a patient with resectable adenocarcinoma diagnosed during the second trimester.
Pancreatic tumors occurring during pregnancy present a unique diagnostic and treatment dilemma. MCNs and adenocarcinomas represent the most commonly reported tumors of the pancreas during pregnancy. In the case of IUGR or maternal instability, urgent surgical intervention should be undertaken regardless of gestational age. Benign tumors diagnosed during the first trimester and without concern for IUGR may be managed expectantly, while the diagnosis of a malignant tumor during the first trimester should prompt a discussion about termination of the pregnancy in order to pursue optimal therapy.
The second trimester of pregnancy remains the most favorable time for surgical intervention for tumors of the pancreas, and resectable tumors diagnosed during this trimester should undergo surgical resection. Tumors of the pancreas diagnosed during the third trimester can be resected after an early delivery. Unresectable tumors have a poor prognosis, and a multidisciplinary approach to these patients can allow for the best outcome for both the mother and the fetus.
